The crystal structure described serves as a prototype for a broad range of other E-type NTPDases, apyrases and ATPases. Discrete functions can now be assigned to the individual ACR motifs. ACR1 and ACR4 are the loops formed by the first two β-strands of the two RNase H folding motifs (i.e. β-strands 1/2 and 8/9). The respective residues are involved in water-mediated coordination of the metal ion (D45 and D201), binding of the substrate's phosphate tail (S48-H50, G204-S206) and positioning of the nucleophilic water (S206). ACR3 and ACR5 are the two α-helices connecting domain I and II (i.e. helices G and P). ACR3 provides the catalytic base E165. E165 is also involved in water-mediated metal ion binding as is W436 of ACR5. ACR2 corresponds to the end of β-strand 4 and α-helix E. Residues involved in substrate and cofactor binding (T122) as well as catalysis (A123, R126) are recruited from this motif. A sixth region of high conservation (SI Fig. 1) that is symmetry-related to ACR2 (i.e. β-strand 14 and α-helix K) is found to participate in formation of the adenosine binding pocket via residues A347 and Y350.
(e.g. UTP) are not directly converted to NMPs (6) , the specific arrangement of the base binding pocket in membrane-bound NTPDase1 is the likely molecular reason for the processive hydrolysis of ATP to AMP.
The ten cysteines in the NTPDase2 ECD form five cysteine bridges, which presumably occur in all cell surface NTPDases. Based on the conservation pattern (PFAM Gda1/CD39 alignment (7) and SI Fig. 1) cysteine bridges 3 and 5 are conserved among all members of the Gda1/CD39 structural family of nucleoside phosphatases. Cysteine bridge 4 is present in the majority of E-type apyrases including the yeast Golgi apyrase Gda1 and the potato apyrase but absent from NTPDase4-7. Disulfide bonds 1 and 2 are specific for NTPDase1-3 and -8. In NTPDase4 and -7 the residues corresponding to A46 and A121 of NTPDase2, which belong to ACR1 and ACR2, respectively, are consistently replaced by cysteines. The C β atoms of the specified alanines are only 4 Å apart in the NTPDase2 structure and point to the hydrophobic core of the N-terminal domain. This makes the formation of an additional disulfide bond specific for NTPDase4 and -7 most likely.
Structure-aided rational design of specific inhibitors
Inhibitors of E-type NTPDases, which ideally do not function as agonists or antagonists on P2 receptors, would not only be valuable tools in biopharmaceutical fundamental research, where the degradation of extracellular nucleotides by NTPDases is a non-negligible variable in P2 receptor studies. They would also constitute potential clinical therapeutics as they would prolong the physiological effects of extracellular nucleotides or simultaneously administered nucleotide analogs (8, 9) .
The presented structure of NTPDase2 in an active state is especially suited for rational design of broadrange and sub-type specific NTPDase inhibitors. Due to their close relation (on average 43 % sequence identity and 65 % similarity; SI Fig. 1 ), structural models generated for human NTPDase1-3 and -8 based on the rat NTPDase2 structure are likely to be of great significance. However, as the catalytic site is highly conserved among cell surface-located NTPDases (SI Fig. 3 ), design of highly affine and sub-type specific competitive inhibitors will have to take maximal advantage of the small differences in the nucleoside binding pocket and also include interactions with specific residues further away from the active site.
SI METHODS

Structure determination
The structure was determined by SIRAS (single isomorphous replacement with anomalous scattering) phasing. A tungstate derivative showed a single strong peak (12 σ) in the Harker sections of an anomalous Patterson map. Because datasets showed generally a high degree of non-isomorphism the tungstate derivative could not be used for isomorphous replacement phasing of the high resolution native dataset. Therefore other (potentially derivatized) crystals were tested for better isomorphism. A crystal originally prepared as Ba 2+ ×AMPCP derivative (phasing native) showed also strong tungstate peaks in the Harker sections of an isomorphous Patterson map and was identified as suitable for isomorphous replacement. First electron density maps calculated with SHARP (10) and solvent-flattened with Solomon (11) and DM (12) were not of sufficient quality for chain tracing or sequence assignment. Before phase refinement, the phasing power was 1.34 and 0.84 for the isomorphous and anomalous contributions of the acentric reflections, resulting in a figure of merit of 0.46 and 0.42 for the acentric and centric reflections, respectively. Helices and strands were positioned using FFFEAR (13) . Based on the arrangement of these secondary structure elements, the structural model of the A. aeolicus PPX/GPPA enzyme (PDB code 1T6C; 14) was manually placed into the asymmetric unit. Now the N→C polarity of the helices and strands was clear and further secondary structure elements could be identified. A first model consisting of 14 polyalanine chains of 205 residues in total was built (programs O and COOT; 15, 16) and refined using REFMAC5 (17) against the 1.7 Å native data set. Phases from the refined partial model were combined with the SIRAS phases (SIGMAA) und improved with DM.
The resulting map was of significantly better quality and a new model consisting of 224 residues (132 polyalanine, 92 with assigned sequence) was built. After a second round of refinement, phase combination and phase improvement, a readily interpretable map was obtained. An almost complete model was built using ARP/wARP (18) and further refined with COOT and REFMAC5 (SI Table I ).
Modeling of a productive Ca
2+
× × × ×ADP complex
A model for the ADP-binding mode was built using the coordinates of AMP from the binary complex structure and of the phosphate and calcium ions from the quaternary complex. The ADP model was than copied into the structure of the quaternary complex, from which AMP, the phosphate ion and two water molecules were deleted. During minimization of the whole system the non-hydrogen protein atoms were tethered to their positions in the crystal structure. Furthermore, the stability of the ADP binding mode was confirmed by a 100 ps molecular dynamics simulation without positional restraints. For all molecular modeling calculations program MOE and the MMFF94x force field was used. The sequence alignment was generated with T-COFFEE (19) and manually edited. Manual editing was carried out to take into account the likely conservation of secondary structure elements and of cysteine bridge C265-C310. Due to high sequence entropy, insertions and deletions between residues 250 and 300 (NTPDase2 numbering), the conservation of C265 is not detected for NTPDase4-7 by alignment programs when only the shown sequences are submitted. However, the absolute conservation of C265 is detected in a T-COFFEE alignment of 67 NTPDase sequences and in the PFAM Gda1/CD39 family sequence alignment (7). 
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